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Background: Endovaginal MRI (evMRI) at 3.0-T with T2-weighted (T2-W) and ZOnal Oblique Multislice (ZOOM)-diffusion-weighted 
imaging (DWI) potentially improves the detection of stage Ia/lb1 cervical cancer. We aimed to determine its sensitivity/specificity, 
document tumour-to-stromal contrast and establish the effect of imaging on surgical management. 

Methods: Following ethical approval and written informed consent, 57 consecutive patients with suspected stage Ia/lb1 cervical 
cancer underwent evMRI at 3.0-T using T2-W and ZOOM-DWI. Sensitivity/specificity were calculated against histopathology for 
two independent observers. Tumour-to-stromal contrast was determined on T2-W, and diffusion-weighted (b = 800s mm -2 ) 
images and apparent diffusion coefficients (ADCs) were recorded. In patients due for radical vaginal trachelectomy (RVT), change 
of surgical management based on imaging findings was documented. 

Results: Sensitivity/specificity for detecting tumour was the following: reporting read 88.0/81.8%, anonymised read 92.0/81.8% 
(observer 1); 84.0/72.7% (observer2; median tumour volume = 1 .7 cm 3 ). Intraobserver agreement was excellent (kappa = 0.89) and 
the interobserver agreement was good (kappa = 0.65). Tumour-to-stromal contrast was greater on ZOOM-DWI compared with 
T2-W images (3.35 ±2.36 vs 1.39 ±0.95; P<0.0004). Tumour and stromal ADCs were significantly different (P<0.00001). 
In 31 patients due for RVT, evMRI altered surgical management in 12 (38.7%) cases (10 cone-biopsy, 2 chemoradiotherapy). 

Conclusion: T2-W + ZOOM-DWI evMRI has high sensitivity/specificity for detecting stage Ia/lb1 cervical tumours; in patients due 
for RVT, the surgical management was altered in ~39%. 



With the implementation of screening programmes, carcinoma of 
the cervix often presents with early-stage small volume disease, 
which may potentially be treated using fertility- sparing procedures. 
Trachelectomy is an option in fertile women < 45 years of age with 
confirmed invasive cervical cancer stage Ia2/Ib (Abu-Rustum et al, 
2008) where at least a 1-cm length of normal cervical canal exists 
between the superior tumour margin and the internal os (Shepherd 



et al, 2006; Gien and Covens, 2010). Accurate staging and 
depiction of tumour margins in relation to the normal cervical 
anatomy (Bipat et al, 2011), therefore, is crucial in selecting 
patients for trachelectomy. An MRI using T2 -weighted (T2-W) 
sequences is the imaging technique of choice for visualising the 
cervix because of its soft-tissue contrast, and is routinely performed 
using external phased-array receiver coils on 1.5-T and 3.0-T 
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clinical systems. As it provides images with a >l-mm in-plane 
resolution and a 3- to 4-mm slice thickness, tumour dimensions 
from previous studies where it has achieved sensitivity/specificity 
for detecting tumour of ~80% (Hricak et al, 2007) have been 
> 1 cm (Sahdev et al, 2007). 

The spatial resolution of MR images may be improved by the 
use of receiver coils close to the region of interest because they 
provide significant increases in signal-to-noise ratio (SNR; deSouza 
et al, 1996; deSouza et al 2000; deSouza et al, 2006). The use of an 
endovaginal receiver coil has previously been shown to improve 
the detection of tumours of < 1.0 cm 3 on T2-W imaging (Soutter 
et al, 2004) and also allows detailed visualisation of the 
parametrium up to 6 cm from the surface of the internal coil 
(Gilderdale et al, 1999). We have previously demonstrated at 1.5-T 
that sensitivity improves further when T2-W imaging is supple- 
mented with diffusion -weighted imaging (Charles-Edwards et al, 
2008), as the latter provides a different contrast mechanism 
(Charles-Edwards and deSouza, 2006). However, at 3.0-T, the 
improvement in SNR over 1.5-T is offset by image artefacts on 
diffusion-weighted images due to magnetic field inhomogeneity 
(Merkle and Dale, 2006; Dietrich et al, 2008), which can be 
substantial when an endovaginal receiver coil is present. A ZOnal 
Oblique Multislice (ZOOM) -diffusion-weighted imaging (DWI) 
sequence addresses this by reducing the field of view and 
suppressing the signal from outside the volume of interest (Wilm 
et al, 2007; Wilm et al, 2009). ZOOM-DWI techniques have been 
used to image the spinal cord and the optic nerve (Wilm et al, 
2007; Wilm et al, 2009) but have not been used to image the cervix. 
The aim of this study, therefore, was to determine the sensitivity 
and specificity of T2-W + ZOOM-DW endovaginal MRI (evMRI) 
at 3.0-T for detecting small volume cervical cancer in comparison 
with previously published values, measure the tumour-to-stromal 
contrast of T2-W and ZOOM-DWI to evaluate their contribution 
in tumour detection and to establish the effect of the endovaginal 
imaging information on surgical management of patients. 



MATERIALS AND METHODS 



Patients. The study was approved by the local institutional review 
board. All patients gave informed, written consent. Over a 14- 
month period (March 2011-April 2012), 57 consecutive patients 
aged 25-66 years (mean = 36.6 ± 10.1 years, 49 premenopausal) 
with suspected stage I cervical cancer who had presented following 
an abnormal smear test (n = 39) or with irregular bleeding/ 
abnormal vaginal discharge (n = 18) and with histologically 
documented invasive cancer (34 squamous cell carcinoma, 22 
adenocarcinoma and 1 adenosquamous) were prospectively 
recruited for assessment with endovaginal T2-W MRI + ZOOM- 
DWI at 3.0-T. At examination under anaesthesia (EUA) done after 
evMRI, 47 were staged as Ibl, 4 as Ib2 and 3 as lib. Three 
proceeded to chemoradiotherapy without EUA on the basis of 
clinical examination and evMRI. Thirty- one patients were being 
considered for radical vaginal trachelectomy (RVT) based on the 
results of histology from cone biopsy/large loop excision of the 
transformation zone (LLETZ) and clinical examination; criteria for 
consideration included absolute desire for fertility- sparing surgery 
so as to retain their child-bearing potential and tumours < 2 cms in 
diameter potentially with a clearance of at least 1 cm from the 
internal os. All patients had a biopsy at an average of 5 weeks 
(s.d. ± 2.5 weeks, range 0.4-12.7 weeks) before MRI in which some 
or the entire tumour may have been excised; however, all cone 
biopsies/LLETZ samples were positive to margins. Nineteen 
patients had undergone MRI at the time of referral done at other 
institutions using conventional external phased- array techniques. 
The presence or absence of tumour on these images was formally 



recorded by an independent specialist gynaecological radiologist at 
the tumour board before evMRI. 

Imaging methods. Endovaginal images were obtained at 3.0-T 
(Philips Achieva, Best, The Netherlands) using a 37-mm ring- 
design solenoidal receiver coil similar to one previously described 
for use at 1.5-T (Charles -Edwards et al, 2008). Hyoscine butyl 
bromide (Buscopan, Boehringer Ingelheim GmbH, Ingelheim, 
Germany) 20 mg IM was administered to reduce artefact from 
bowel motion. 

T2-weighted images and slice-matched ZOOM-DWI were 
acquired in three orthogonal planes to cover the cervix (Table 1). 
Isotropic apparent diffusion coefficient (ADC) maps based on 
monoexponential rate of signal decay with increasing diffusion 
weighting were generated with the system software (Philips 
Medical Systems, Best, The Netherlands) using all fr- values. 
Following endovaginal imaging, the internal receiver coil was 
removed and large field of view images through the abdomen and 
pelvis were obtained for the assessment of lymph node status, but 
this did not form part of this study. 

Data analysis 

Sensitivity and specificity. T2-weighted and ZOOM-DWI images 
were assessed in combination for the presence of tumour by two 
separate observers (observer 1: 19 years experience of endovaginal 
MR imaging, observer 2: 2 years experience) without access to the 
details of previous histopathology. The presence of tumour was 
recorded if an intermediate signal-intensity focal mass on T2-W 
imaging corresponding to a focal area of diffusion restriction on 



Table 1. Sequence 


parameters used for endovac 


jinal imaging 


Parameter 


T2-weighted 


Zoom-DWI 


Coil selection 


Dual: endovaginal + FLEX-L 2 
element phased-array body 


Single: endovaginal 


Sequence 


Turbo spin echo-multi shot 
(TSE factor 10) 


Spin-echo echo planar 
imaging-single shot 


TR 


2750 ms (coronal) 
2500 ms (sagittal, axial) 


6500 ms (coronal) 
5500 ms (sagittal, axial) 


TE 


80 ms 


52 ms 


Flip angle 


90° 


90° 


FOV 


100 mm 


Bandwidth 


217.7 


11.4 


Matrix 


240 x 288 


80 x 224 


Pixel size 


0.42 mm 


1 .25 mm 


Voxel size 


0.36 mm 3 (acquisition) 
0.25 mm 3 (recon) 


3.15 mm 3 (acquisition) 
0.41 mm 3 (recon) 


Slice thickness 


2 mm (0.1 mm separation) 


Number of slices 


24 (coronal) 
22 (sagittal) 
20 (axial) 




Number of signal 
averages 


2 


1 


b-values, s mm ~ 2 
isotropic 


NA 


0, 100, 300, 500, 800 
(coronal) 

0, 500, 800 (sagittal, 
axial) 


Acquisition time 


4min 18s (coronal) 
4min 0 s (sagittal) 
3 min 55 s (axial) 


4 min 33 s (coronal) 
2 min 21 s (sagittal) 
2 min 12 s (axial) 


Abbreviations: NA=not applicable; TE = echo time; TR = repetition time; ZOOM-DWI = 
ZOnal Oblique Multislice-diffusion-weighted imaging. 
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ADC maps derived from ZOOM-DWI was identified. Following 
identification of the tumour, its volume was recorded by observer 1 
drawing a region-of-interest (ROI) around it on every slice on 
which it was identified on the T2-W images and multiplying the 
summed area of the ROIs by slice thickness. In patients with 
tumours > 1 cm 3 in volume, the presence or absence of parametrial 
extension was also documented as we have previously observed 
parametrial extension on MRI or histology only on tumours of 
> 1 cm 3 (Payne et al, 2010). To assess intraobserver agreement, 
observer l's original reports recording the presence or absence of 
tumour and issued before surgical intervention were used for 
comparison. All findings were compared with the results at 
subsequent histopathology of the surgical specimen. 

Tumour contrast. In patients with identifiable tumour, tumour 
contrast normalised to the cervix ((Si — S 2 )/S 2 ) was calculated from 
ROIs within tumour (SJ and adjacent normal cervical stroma (S 2 ) 
on a single slice of T2-W, corresponding ZOOM-DW image and 
ADC map. The images with the highest diffusion-weighting 
(b = 800 s mm ~ 2 ) were selected because retained signal at this 
fr-value was probably to best reflect tumour-stromal contrast on 
ADC maps. Regions of interest encompassed the entire tumour 
and at least 10 mm 2 of normal stroma; placement in relation to 
anatomy was performed by visual matching between T2-W and 
ZOOM-DWI. Regions of interest were copied from T2-W onto 
ZOOM-DWI images and adjusted to account for distortion. Care 
was taken to ensure that stromal ROIs were sited identically in 
relation to the endovaginal coil on both T2-W and ZOOM-DW 
images. 

Decision for trachelectomy. Patients referred for RVT on the basis 
of histology of the cone biopsy/LLETZ specimen and clinical 
examination were reviewed at the multidisciplinary team meeting, 
and a decision for RVT vs more or less radical treatment options 
was made on clinical (age < 45 years, without evidence of impaired 
fertility and wishing to retain fertility) and imaging grounds 
(lesion < 4 cm, no evidence of parametrial extension or metastasis 
and at least 8 mm from the superior aspect of the tumour to the 
internal os (Abu-Rustum et al, 2008)). The decision and reasoning 
was noted in the electronic patient record and transferred to the 
research file, recording whether or not the endovaginal imaging 
result was the primary reason for a change from the initial referral 
for RVT. 

Histopathological analysis. Tissue was acquired at radical 
hysterectomy (n = 19), RVT (n = 15), cold knife cone (n = 12) or 
LLETZ procedure (n = 1) in 47 patients. The remaining 10 patients 
had no post-MRI histology for comparison because 9 of them 
required chemoradiotherapy and 1 had no further surgery as the 
tumour was subsequently found to be completely excised at the 
initial knife cone biopsy. All specimens were fixed in formalin. For 
hysterectomy and RVT specimens, a shave of the proximal 
endocervical resection margin (at or near the internal os) was 
sliced longitudinally (sagittal plane centrally, coronal plane 
laterally). The cervix together with the parametrium was sliced 
into transverse sections up to ~ 1 cm from the ectocervix. The 
remaining 1 cm of distal cervix together with the vaginal cuff was 
sectioned longitudinally (sagittal plane centrally, coronal plane 
laterally). All slices (each 3-4 mm thick) were processed and 
embedded in paraffin; 2-3 fim sections were deparaffinised and 
stained with haematoxylin and eosin. According to the thickness of 
the slice obtained at macroscopy, each histological slide was 
separated from the next by 3-4 mm. 

Statistical analysis. Sensitivity, specificity, positive and negative 
predictive values of T2-W combined with ZOOM-DWI in 
distinguishing the presence of tumour was established for two 
independent observers and the level of agreement between them 



was calculated using kappa statistics. This was compared with that 
of standard imaging done at the referring centres. In patients with 
definite radiological and histological evidence of tumour (true 
positives), contrast between tumour and adjacent stromal regions 
normalised to stromal values were compared between T2-W and 
ZOOM-DWI and between tumour and stromal ADC values using 
a paired f-test. A P- value of <0.05 was used to indicate 
significance. 



RESULTS 



Detection and local staging of small volume disease. Forty-seven 
of 57 patients underwent a surgical procedure a median of 5 weeks 
of MRI (interquartile range 3-8 weeks) and therefore had histology 
for comparison; of these, 24 had residual tumour and 23 had no 
residual tumour on histology. Sensitivity and specificity for 
detecting tumour on endovaginal T2-W + ZOOM DWI in 47 
cases are given in Table 2 and a true-positive lesion is illustrated in 
Figure 1. There were four false positives (median volume 0.04 cm 3 , 
interquartile range 0.03-0.05 cm 3 , (Figure 2)) and two false 
negatives (Figure 3) reported by observer 1, and six false positives 
(median volume 0.20 cm 3 , interquartile range 0.05-0.32 cm 3 ) and 
four false negatives reported by observer 2. In comparison, true- 
positive lesions had median volumes of 1.70 cm 3 for both observers 
(interquartile range 0.3-2.9 cm 3 for observer 1 and 0.5-5.4 cm 3 for 
observer 2). The interobserver agreement was good (kappa = 0.65) 
and intraobserver agreement was excellent (kappa = 0.89). When 
tumours < 0.1 cm 3 on histology were omitted from the analysis 
(which equates to a 5 -mm histological dimension on a 4-mm-thick 
section (Charles-Edwards et al, 2011), the specificity improved to 
100% (observer 1) and 80% (observer 2). Of 19 patients with 
previous external imaging, 5 were positive for tumour (also noted 
on evMRI and confirmed on histology) and 14 were negative 
(sensitivity 50%, specificity 100%). In these patients, evMRI had a 
sensitivity of 100% and specificity of 88.8%. 

The presence or absence of parametrial extension was 
documented in tumours over 1 cm 3 (n = 14 patients with 28 
regions assuming right and left parametrial extension are 
effectively independent). Parametrial extension was detected with 
a sensitivity of 50% but a specificity of 100% for both observers 
(positive predictive value 100%, negative predictive value 88%). 
There was complete agreement between observers (kappa = 1). In 
the three false-negative regions (n = 2 patients), the parametrial 
extension was 1 mm (tumour volume on MRI, 5.6 cm 3 ), and 2 and 
3 mm (tumour volume on MRI 2.0 cm 3 ), and the time interval 
between MRI and surgery (radical hysterectomy in both cases) was 
22 days and 45 days, respectively; tumour growth during this 
period was not accounted for. 

Tumour- to-stromal contrast. Tumour was noted in 28 of 57 
patients; 20 had subsequent histological confirmation of tumour, 
whereas 8 had pre-procedural histological evidence of tumour but 
because of imaging and EUA evidence of parametrial extension 
(« = 7) or lymph node metastases (n = 1) they were treated with 



Table 2. Sensitivities and specificities for both observers 




Sensitivity 

(%) 


Specificity 

(%) 


PPV 

(%) 


NPV 

(%) 


Observer 1 reporting read 


88.0 


81.8 


84.6 


85.7 


Observer 1 anonymised read 


92.0 


81.8 


85.2 


90.0 


Observer 2 anonymised read 


84.0 


72.7 


77.8 


80.0 


Abbreviations: NPV = negative predictive value; PPV = 


= positive predictive value. 
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Figure 1. True positive in a 25-year-old female diagnosed with stage I carcinoma of the cervix following intermittent postcoital bleeding. 

T2-W images in the sagittal (A) and coronal (B) planes orthogonal to the cervix show a small cervical tumour (arrows). The ADC maps generated 
from ZOOM-DWI in corresponding orientations (C, sagittal and D, coronal) show that the tumour (arrows) is more easily appreciated in C and D, 
although considerable image distortion is present. This mandates the use of the T2-W images for anatomical delineation. Good correspondence is 
seen with the histological definition of the tumour (dark blue) on the haematoxylin and eosin-stained corresponding trachelectomy specimen 
(E, arrow). 




Figure 2. False positive in a 33-year-old female diagnosed with stage I carcinoma of the cervix following positive smear test and cone biopsy 
done 2 weeks before MRI. T2-W images in the sagittal (A) and coronal (B) planes orthogonal to the cervix show an ill-defined area of intermediate 
signal intensity (arrows). This lesion demonstrates diffusion restriction (arrows) on the corresponding ADC maps in corresponding orientations 
(C, sagittal and D, coronal). The coronal b = 800s mm -2 (E) is also illustrated for comparison. There was no residual tumour on the trachelectomy 
specimen. 

subsequent chemoradiotherapy. Contrast between tumour and being significantly greater in the ZOOM-DWI (P< 0.00004) 
adjacent normal cervical stroma on T2-W imaging in these 28 compared with T2-W images (Figure 4). The ADC values 
cases was 1.39 ±0.95 compared with 3.30 ±2.83 on ZOOM-DWI, for these lesions ranged from 657 to 1430 x 10" 6 mm 2 s _1 
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Figure 3. False negative in a 35-year-old female diagnosed with stage I carcinoma of the cervix following an abnormal smear test. T2-W images 
in the sagittal (A) and coronal (B) planes orthogonal to the cervix with corresponding coronal ZOOM-DWI (C) and coronal ADC map (D). There was 
no evidence of tumour on the assessment of the T2-W+ ZOOM-DWI in combination. At trachelectomy (haematoxylin and eosin-stained section, 
E), a 3.9-mm tumour focus was demonstrated (arrow). 



(mean±s.d., 906 ± 182 x 10 6 mm 2 s *) and were significantly 
different from stromal values of 1276 to 1937 x 10 ~ 6 mm 2 s _1 
(mean + s.d., 1551 ± 209 x 10 " 6 mm 2 s"\ P< 0.000001). 
Phantom quality assurance data done before each patient study 
showed that signal-to noise ratio within the coil ring from where 
measurements of contrast were derived was 501 ± 97, indicating 
that signal in this region was well above the noise floor, confirming 
the validity of the contrast measurements. 

Effect of evMRI on the decision for trachelectomy. In the 

subgroup of 31 patients referred for RVT, 17 patients had no 
visible tumour on the endovaginal imaging (observer 1). Nine were 
therefore treated with less radical surgery (extended cone biopsy) 
and 1 patient had no treatment because of complete excision of 
early microinvasive disease (0.2 mm wide, 0.2 mm in depth with no 
lymphovascular space invasion (LVSI)) at LLETZ before MRI. 
Cone biopsy was performed where the tumour was < 1 cm and 
upto 5 mm depth as the aim is conservation of cervical stroma 
where possible. Six proceeded to RVT (following negative lymph 
nodes at dissection) based on histology that showed a combination 
of stage lb disease, LVSI positivity, additional small focus of 
synchronous SCC on the upper vagina and narrow excision 
margins at previous diagnostic cone biopsy. The final patient was 
treated with chemoradiotherapy because of a lymph node 
metastasis on the pelvic node dissection that was not detected on 
imaging. Histology in these cases (n=16 because of the lack of 
histology from the primary site in the patient treated with 
chemoradiotherapy) confirmed the absence of tumour in 15 cases 
(14 post-MRI and 1 on review of the pre-MRI cone biopsy), 
whereas 1 patient was falsely negative (maximum tumour 
dimensions on subsequent histology was 3.9 mm; Figure 3). 

Fourteen of 31 patients had visible tumour on MRI (observer 1); 
9 cases were deemed suitable for RVT and, based on MRI 
measurements of length of normally appearing endocervical canal 



above tumour (Table 3), proceeded to this surgical option (2 were 
falsely positive). One patient was considered suitable for extended 
cone biopsy and one had a radical hysterectomy (because of the 
presence of extensive pelvic endometriosis and multiple fibroids 
rendering the patient unsuitable for RVT). Three patients had 
chemoradiotherapy because parametrial extension was demon- 
strated on evMRI in two patients and a lymph node at pelvic 
dissection was positive in the other. Thus, overall the evMRI itself 
dictated the use of less radical surgery than RVT (extended cone 
biopsy) in 10 out of 31 (32.3%) cases and more radical treatment 
than RVT (chemoradiotherapy) in 2 out of 31 (6.5%) cases. 

A flow chart of patient referral and subsequent management is 
detailed in Figure 5. 



DISCUSSION 



These results indicate that T2-W + ZOOM-DWI has a high 
sensitivity and specificity for detecting tumours clinically staged 
as la/lbl disease primarily because of high tumour-to-stromal 
contrast on ZOOM-DWI compared with T2-W MRI, and that its 
use in patients referred for RVT alters the surgical management in 
up to 39% of cases. Decision for extended cone biopsy or RVT 
(excision of the cervix taking a parametrial and a proximal vaginal 
cuff with a vagino-isthmic anastomosis (Dargent et al, 1994; 
Covens et al, 1999)) requires an accurate preoperative delineation 
of the size, extent and location of tumour within the cervix. 
Previously, MRI has been used for evaluating endocervical 
extension and patient suitability for RVT where extension to the 
internal os was seen in a quarter of cases in a single small series 
(Peppercorn et al, 1999). Although the decision for extended cone 
biopsy or RVT is multifactorial and includes histological and 
clinical factors, we recorded the cases in which imaging primarily 
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Figure 4. Tumour-to-stromal contrast of cervical cancer on T2-W and ZOOM-DWI. Boxplot of tumour-to-stromal contrast in T2-W compared 
with ZOOM-DWI images (A). The line at a normalised tumour-to-stromal signal-intensity of 0 indicates no contrast. Example ROIs delineated 
around tumour (1 ) and adjacent stroma (2) on sagittal T2-W (B), and corresponding ZOOM-DWI b = 800 s mm ~ 2 (C) images from which these data 
are derived. 



Table 3. Imac 


ing measurements in patients with endovaginal images positive for tumour that proceeded to radical vaginal trachelectomy 


Patient 
number 


Tumour volume (cm 3 ) (maximum 
dimension (mm)) 


Depth of stromal 
invasion (mm) 


Distance from superior tumour margin 
to internal os (mm) 


Histology for 
presence of tumour 


1 


2.1 (16) 


11 


20 


Positive 


16 


0.5 (11) 


12 


20 


Positive 


23 


2.0 (22) 


13 


16 


Positive 


38 


0.3 (15) 


11 


20 


Positive 


39 


0.03 (8) 


2 


21 


Negative 


50 


0.04 (7) 


2 


19 


Negative 


52 


0.4 (15) 


15 


9 


Positive 


55 


0.3 (15) 


7 


17 


Positive 


56 


1.5 (18) 


12 


10 


Positive 



influenced the decision. Review of the final histology, which was 
negative in all 10 patients in whom a decision for extended cone 
was based on evMRI findings, indicates that our imaging 
assessment was correct. 

Endovaginal MRI at 3.0-T correctly identified tumour in more 
than a third of cases with negative external- array imaging. Our 
results also show that the sensitivity and specificity for detection of 
tumour when using T2-W in conjunction with ZOOM-DWI is 
better than previous data collected at 1.5-T (Charles-Edwards et al, 
2008) both for an experienced (92.0% and 81.8%, respectively 



compared with 88.9% and 66.7%, respectively) as well as a less 
experienced (84.0% and 72.7% compared with 83.3% and 69.6%, 
respectively) observer. The difference in sensitivity and specificity 
between observers was related to the subcentimeter tumour voume 
in an ~ 60% of positive cases. The lower sensitivity for observer 1 
at the time of reporting is attributed to one case with an 18 -mm 3 
focus of disease on the histology initially scored negative. False- 
positive results had volumes < 0.2 cm 3 and were likely to represent 
areas of granulation tissue after biopsy that are indistinguishable 
from invasive cancer on T2-W imaging. False-negative tumours 
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Stage 1 cervical cancer for 
consideration of primary surgery 
n=57 



Referred for fertility- 




sparing surgery 




A7=31 






Referred for non-fertility- 
sparing surgery 
n=26 



Tumour on evMRI 
n=14 



Tumour on evMRI 
n=21 



No tumour on evMRI 
n=5 



No treatment n=1 
Cone biopsy n=9 
Trachelectomy n=6 

(15 TN, 1 FN) 
Chemoradiotherapy 
n=1 



Cone biopsy 


n=1 


Trachelectomy 


n=9 


Rad hysterectomy 


n=1 


(12 TP, 2 FP) 




Chemoradiotherapy 


n=3 





Cone biopsy n=1 
Rad hysterectomy 

A7=15 

(14 TP, 2 FP) 
Chemoradiotherapy 
n=5 



LLETZ n=1 
Rad hysterectomy 
n=4 
(4 TN, 1 FN) 



Figure 5. Flow chart of patients referred for assessment, evMRI findings and subsequent management. 



were also small in size; the largest tumour length dimension on 
histology missed by both observers 1 and 2 was 6.9 mm and may 
have been obscured by artefact or simply beyond the resolution of 
the technique, particularly as it was a thin plaque-like lesion. 

Sensitivity for parametrial extension was low because of the very 
early invasion in a relatively small patient cohort. In all three 
false-negative parametrial regions, the parametrial extension was 
documented as <3mm, which was the dimension of two 
ZOOM-DWI pixels. In patients with obvious parametrial exten- 
sion detected on MRI, treatment was with chemoradiation rather 
than surgery (n = 7), thus excluding them from the histological 
comparison; unfortunately, ethical considerations would prevent 
these patients from being treated with primary surgery. Sensitivity 
for parametrial extension therefore was lower than expected in 
comparison with previous early studies, where primary surgery was 
utilised more commonly in bulky stage Ib2 disease (Subak et al, 
1995; Sheu et al, 2001; deSouza et al, 2006). Further improvements 
in spatial resolution and image distortion are needed to improve 
the sensitivity of detection of parametrial extension of < 3 mm. 

A comparison was not made in this study of the sensitivity to 
detect tumour with the endovaginal coil compared with external 
array imaging only. Although repeating the scans without an 
endovaginal coil for comparison would have been ideal, perform- 
ing an optimal external phased- array imaging after the endovaginal 
imaging (or vice versa) was not achievable because of increased 
peristalsis from after-effects of antiperistaltic agents, bladder filling 
and increased patient motion with a lengthy protocol. Repeating 
the examination on a separate occasion would have met with poor 
compliance. In 19 patients where external imaging was available, 
~36% of lesions not visible on referral scans were correctly 
identified on the endovaginal imaging. 

The improvement in sensitivity of cervical tumour detection by 
adding conventional DWI to T2-W sequences has previously been 
documented at 1.5-T (Charles-Edwards et al, 2008). The use of 
^-values of fr-800smm~ 2 and fr-1000smm~ 2 have been recom- 
mended for DWI of the female pelvis (Koyama and Togashi, 2007) 
because they allow optimum visualisation of tumour with 
suppression of normal background structures. Selection of 
b = 800 s mm ~ 2 was based on published values of ADC for cervical 
tumour between 0.9 and 1.2 x 10~ 3 mm 2 s _1 (Hoogendam et al, 
2010; Fu et al, 2012) and because b > 1000 s mm ~ 2 suffer from poor 
SNR (Issa, 2002; Naganawa et al, 2005). 



Although we viewed the ADC maps rather than the high fr-value 
images, the information they provided was equivalent; our use of 
the ADC maps reflected local practice. However, the utility of the 
T2-W images themselves for depicting morphology, differentiating 
zonal anatomy and the boundaries between the cervix and the 
parametrium should not be underestimated. We have previously 
shown that the improvement in contrast with DWI needs to be 
viewed in context of the anatomical detail (Charles-Edwards et al, 
2008). 

The use of the endovaginal coil did not incur additional specific 
absorbtion rate and was equivalent to values for endorectal coil 
imaging of the prostate. However, in the presence of an 
endovaginal coil at 3.0-T, the use of ZOOM-DWI was essential 
to achieve usable DW contrast, as standard diffusion-weighted 
sequences resulted in such severe image distortion so as to render 
the images unusable clinically; their implementation for compar- 
ison with ZOOM-DWI was therefore ethically not justifiable. 
However, despite the use of ZOOM-DWI, distortion remains an 
issue, although suppression of signal outside the volume of interest 
minimised the image-wrapping artefacts prevalent in all echo- 
planar sequences and inclusion of a reverse gradient technique 
partly corrected the inherent field inhomogeneity (Volk et al, 
1987). Further work will explore software (multiecho TSE) 
solutions to reduce image distortion. Other factors reducing image 
quality are motion of the cervix during the examination. 
False-positive/-negative results from movement of the cervix due 
to bladder filling during the examination were a problem in some 
cases; an effective fluid restriction policy before imaging should 
help reduce this in future. In addition, air in the vagina and coil 
components have the potential to contribute significantly to image 
distortion because of Bl field inhomogeneity. We limited the 
former by suction extraction before imaging, but in many instances 
this was imperfect. To achieve more effective suction would require 
the incorporation of a suction mechanism into the coil itself. To 
address the latter, capacitors were sited in the handle away from 
the coil ring, but availability of non-ferromagnetic components in 
future should improve susceptibility artefact from coil electronics. 
Alternative hardware designs to a solenoidal ring would be needed 
for post-trachelectomy follow-up. 

In summary, T2-W + ZOOM-DWI of the cervix using an 
endovaginal receiver coil at 3.0-T had a high sensitivity and 
specificity for detecting cervical tumours clinically staged as Ia/Ibl 
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primarily because of higher tumour- to -stromal contrast on 
ZOOM-DWI compared with T2-W MRI. In patients referred for 
RVT, the use of T2-W + ZOOM-DWI using an endovaginal coil is 
useful in preoperative assessment and potentially alters surgical 
management to a less or more radical approach in more than a 
third of cases. 
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